House dust is a repository for environmental pollutants that may accumulate indoors from both intemnal and external sources ov lon periods of ime. Dust and tracked-il ac e most eiintyi capt, and the ; pl utnsasoiate ith dust and soil ma preset an expsr risk to infans and toddlers, w pend sigificant portios of their t i cona w or i:n dose proximity to the floor and w'ho engage in frequent mouthing activities. The availability of carpet dust for exposure by transfer to the skin or by suspension into the air depends on particle size. In this study, a lag sample ofresidential house dust was obtained from a commercial deaning service whose clients were homeowners residing in the Raleigh-Durham-Chapel Hill (Research. Triangle) area of North Carolina. The composite dust was separated into seven size fractions ranging from < 4 to 500pmin diameter, nid each fraction was analyzed for 28 pest cides and 10 poycyctdic aromic hydrrbons (PAHs).Over 20% of the ractionated dust sampie consisted of partides < 25 pm in diameter. Fourteen pesticides and all 10 of the target PAHs were detected in one or more of the seven size-fractionated samples. Sample concentrations reported rage from 0.02 to 22 pg{p the synthetic p ds and sras-permethrin were the most abnd ede resi T e io all of t tart analytes inmcreasd two esmalest paticl ie -5p n <4k pm Peters and Vanderpool (10) based on a design by John and Wall (11) . The FBAG uses 100-jim bronze beads mixed with each 500 mg dust charge to deagglomerate the sample with only minimal alteration of the original size distribution. To achieve a nominal 3.5-jim cut point with the cyclone, the FBAG was operated under positive pressure with prepurified dry nitrogen at a flow rate of 30 L/min. Dust partides resuspended by the FBAG were transported through a 900 bend and entered the cyclone inlet. In theory, particles with aerodynamic diameter larger than the 3.5-pm cut point dropped into a receiver cup, whereas particles smaller than the cut point were collected on a 47-mm quartz fiber filter at the exit of the apparatus. The overall efficiency of the dust aerosolization process and size separation was low. Approximately 11.5 g of the nominal < 25-pm fraction was processed to yield 3.74 g dust in the pm size range and 0.124 g nominal < 4 jim dust, which was collected on a total of 12 filters. The remaining dust was lost to the walls of the apparatus or remained in the FBAG.
It is assumed that particle losses in the FBAG apparatus were independent of the particle surface loadings of pesticides and PAHs. In the unlikely event that surface loadings approach monolayer coverage, however, the sticking probabilities of the loaded particles may be altered, creating the potential for bias in the reported results; i.e., particles with near-monolayer loadings may have a higher or lower probability of being lost in the FBAG as compared to particles with low surface loadings. We confirmed such a bias nor has there been any attempt in this paper to correct the data for such a bias. Verification of the size distribution in the < 4-jm-size fraction was performed by automated scanning electron microscopy (SEM). To this end, a polycarbonate membrane (1.0-pm pore) filter (Poretics Corp., Livermore, CA) lightly coated with mineral oil to enhance particle retention was used. The FBAG was again operated for 5 min, but the dust charge was reduced by a factor of 10 to produce light loading on the filter. SEM analysis of the coated filter determined the sizes of 3,820 particles. The resulting size distribution ( Figure 1B) showed that the effective 50% cumulative volume cut point was 3.8 pm; 90% of the particles by volume had diameters < 6.6 pm. (11) . Solvent blanks were routinely analyzed along with each of the three sample sets that were processed, and in every case there were no target analytes detected in the blanks.
In all cases except those results from samples that were detected at or near the detection limit of the method, the reproducibility of the analytical process was acceptable. In all, 23 target analytes were detected in a minimum of 5 paired samples from the set of 10 paired samples that were analyzed. Of Table 1 are our analytical results for standard reference material (SRM) 2583, an indoor dust standard from the NIST (Gaithersburg, MD) that is certified for trace elements. This standard consists of dust collected from households, cleaning services, hotels, and motels located in North Carolina, Maryland, Ohio, and New Jersey. It has been sieved to remove partides > 100 pm and sterilized byy-radiation. The same pesticides and PAHs found in the house dust collected for this study were measured in SRM 2583. Concentrations of PAHs in SRM 2583 were generally closer to those found in < 25 and < 4 pm fractions of our dust sample. This suggests either composition differences due to higher fossil fuel use in the northern states or due to a higher proportion of fine particles in the NIST standard. Two of the targeted pesticides found in the SRM (diazinon and heptachlor) were not detected in dust collected for this study. On the other hand, three of the pesticides found in the North Carolina dust sample (bendiocarb, DDT, and dichlorvos) were not detected in SRM 2583.
Discussion
The inverse proportionality of residue concentrations with dust partide size observed in this study clearly demonstrates that neutralextractable pesticides and PAHs are found primarily on the surfaces of particles. Pesticide concentrations increased by 1.25-to 6.7-fold (mean 2.4-fold, median 2-fold) between the < 4 and 4-25 pm fractions and 1.2-to 3.9-fold (mean 2.8-fold, median 2.8-fold) between the 4-25 and 53-106 pm fractions. PAH concentrations increased more dramatically between the < 4 and 4-25 pm fractions (2.6-to 5.1-fold, mean 3.6-fold, median 4-fold), but their concentrations were about the same on the 4-25 and 53-106 pm fractions. If house dust was composed of perfect spheres with the same density and diameter, the total surface area of a given mass of 4 pm partides would be 6.25 times that of the same mass of 25 pm partides and 25 times that of 100 pm particles. House dust, however, is typically composed of soil, settled particulate matter, human and animal dander, insect parts, and other debris of varying shape, density, and porosity; thus, the concentrations of surface pollutants would not follow the same scale, even if they were uniformly distributed on the surfaces. Furthermore, pollutant concentrations would not be expected to be evenly distributed on the particles, especially if the particles and/or pollutants originated from different sources (e.g., interior use, air intrusion, or track-in). Also, each of the size fractions given in Table 1 and shown in Figures  3 and 4 includes many particle sizes of unknown relative mass distribution.
The major pesticide residues found in this study are similar to those reported by others. Camann and Buckley (14) reported detected values of cis-and trans-permethrins at median (maximum) concentrations of 1.75 (588) pg/g and 0.80 (299) pg/g, respectively; chlorpyrifos at 0.56 (324) pg/g; carbaryl at 0.40 (1,160) jg/g; bendiocarb at 0.36 (318) pg/g; methoxychlor at 0.59 (28) pg/g; and a-and y-chlordane at 0.4 (15) pg/g and 0.46 (17) pg/g, respectively, in dust collected from 362 homes in nine northern and midwestern U.S. states and sieved to < 150 pm. However, these samples showed higher residues of older pesticides such as DDT (median 0. 'g/g), dieldrin at 0.29 l'g/g (maximum 1.0 pg/g), and pentachlorophenol at 0.83 pg/g (maximum 3.3 pg/g) in carpet dust from nine homes in the same geographic area as this study. Pentachlorophenol, the most frequently detected pesticide in the Lewis et al. (3) study, was not targeted in the current investigation nor in that of Camann and Buckley (14) . In all three of the aforementioned studies (3, 4, 14) , carpet dust was collected with the high-volume surface sampler (HVS3, CS3, Inc., Bend, OR) vacuum sampler (3), which has a nominal cut point of 5 pm for collected dust. A side-by-side comparison of the HVS3 and a conventional upright vacuum cleaner showed that both collected partides down to at least 0.2 pm and that the HVS3 was more efficient at collecting particles < 20 pm (34 (15) . In the NCI study (6) One potential route of exposure to household dust is inhalation of dust that may be resuspended by human activity (20) (21) (22) (23) (24) . Human activities such as walking on a carpet result primarily in the resuspension of 5-25 pm particles (20, 23) . Recent EPA studies found higher indoor particulate 2,4-D levels in homes with active children and pets (8) . Concentrations measured on 10-pm partides were 2-10 times higher than those on 2.5 pm particles, with concentrations declining on partides > 10 pm. Other studies found that walking on a carpet resulted in maximum resuspension for 2.5 pm partides at a height of 34 cm (25) . Home vacuum deaners are particularly prone to dispersing fine dust particles into the air via the mechanical action of the beater bar and leakage through the walls of the vacuum bag. Again, resuspended particles > 10 pm appear at the highest concentrations during vacuuming in homes (24) . Chamber studies have shown that standard upright vacuum deaners have emission rates of 108_109 particles/min in the ultrafine (0.01-0.3 pm) and fine (0.3-3 pm) range (26, 27) , but a large portion of these are carbon particles emitted by vacuum motors (27) . Vacuum deaners with high-efficiency particulate air filters reduce fine particle emissions from both motor brushes and bags by three orders of magnitude (27) .
Nondietary ingestion of house dust is another potential route of exposure that is of particular concern for infants and toddlers. Dust partides transferred from floors and other surfaces to children's hands may be ingested through mouthing activity. Particles < 100-200 pm in diameter most efficiently transfer to and are retained by skin (28) (29) (30) (31) (32) . The efficiency of pollutant absorption from ingested particles is also expected to be higher for smaller particles. Although we are not aware of studies on the bioavailability of pesticides or PAHs as a function of dust or soil partide size, animal studies have shown that the absorption of lead from orally ingested paint particles is significantly greater for smaller particles (e.g., < 50 pm) (33) .
It is apparent that knowledge of the distribution of pollutants on house dust and soil is important to the understanding of human exposure. Studies are currently underway in our laboratory to determine the dependence of soil track-in efficiency on particle size, as well as to better characterize resuspension of dust from carpeted and vinyl-covered floors into air and transfer of dust particles to human skin. In addition, we hope to conduct animal dermal and oral bioavailability studies on dust-associated pesticides. The results of these studies, used in combination with the analytical data presented here, will enable us to better estimate the potentials for human exposure to pesticides, PAHs, and other pollutants associated with household dust.
